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EFFECT OF TIME TO THE OPERATING ROOM ON HOSPITAL LENGTH OF 
STAY, POSTOPERATIVE COMPLICATIONS, & IN-HOSPITAL MORTALITY 
IN PATIENTS WHO REQUIRE EMERGENCY GENERAL SURGERY 
CEDRIC BENSON 
ABSTRACT 
 PURPOSE:  The aim of this study is to better characterize the effect of the 
interval in time to the operating room on hospital length of stay and other post-surgical 
outcomes in adult patients with common emergency general surgery conditions who are 
admitted to the acute care surgical service at Boston Medical Center.   
 
 METHODS:  This is retrospective cohort study examining a total of 321 subjects 
taken from an emergency general surgery registry at Boston Medical Center from May 
2014 thru May 2015.  Variables analyzed included: demographic factors, Charlson 
Comorbidity Index scores, times to the operating room, hospital length of stays, post-
operative complications, and in-hospital mortality.   
 
 RESULTS:  There were zero mortalities in this study and a 3.1% post-operative 
complication rate.  There was a positive association between time to the operating room 
and hospital length of stay, even after controlling for covariates.  It was found that those 
subjects who go to the operating room after 6 hours from the time of admission have an 
increased hospital length of stay by about 12 hours as compared to those subjects who do 
not. 
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 CONCLUSIONS:  In this study, subjects who went to the operating room sooner 
from the time of admission had associated shorter hospital length of stays and fewer post-
operative complications. 
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INTRODUCTION 
 
      Trauma surgery is a surgical subspecialty that focuses on the treatment of patients 
who have suffered physical traumatic injuries, utilizing both operative and non-operative 
management.  Over the years, the discipline of trauma surgery has seen a loss of 
operative volume on account of multiple factors including better methods for the 
prevention of traumatic injuries, an increasing number of surgical subspecialties, and 
significantly, a shift toward managing solid organ injuries without surgical 
intervention[1,2].  So, in 2003, multiple surgical organizations were brought together for 
the purpose of reorganizing the field of trauma surgery[1].  Out of these and later 
deliberations came the proposal for a hospital-based model in which a group of 
specifically trained acute care surgeons would provide care encompassing trauma, 
surgical critical care, and emergency general surgery[1,3,4].  One of the goals was to 
expand the successful structure of the prompt and expertise-driven care of trauma surgery 
to those patients with non-injury related surgical emergencies in order to provide a more 
standardized care and achieve better outcomes[1,5].  Prior to this, busy private practice 
surgeons may have been unable to provide the same level of around-the-clock emergency 
care offered by these more dedicated, multidisciplinary, in-hospital teams[5–7].  These 
factors and others[8–10] have given rise to the integration of emergency surgery services 
under the heading of acute care surgery in many academic centers[11]. 
 As early as 2006, the University of Pennsylvania was able to show that the acute 
care surgery model resulted in decreased times to operative intervention, fewer 
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complications, and shorter length of stays in patients who had acute appendicitis[1,12].  
Trauma centers were able to experience such benefits as increased operative volumes and 
increased reimbursements as a result of implementing the acute care surgery model[1].  
The acute care surgery model has since been applied in many centers with good 
results[8,11], and this model may augment patient care[13–15].  Over the last decade, the 
subspecialty of acute care surgery has helped fill a national void in patient care[16].   
      The American Association for the Surgery of Trauma (AAST) has taken the 
initiative to develop a committee to pursue fellowship training in acute care surgery 
under the American College of Surgeons[7].  Similarly, the AAST went further and 
provided a common unifying definition describing the patients covered under this 
reorganized scope of practice.  The emergency general surgery (EGS) patient has been 
defined by the committee of the AAST as any patient who requires an evaluation 
(whether operative or non-operative) for an emergency surgical condition that is largely 
regarded as being within the domain of general surgery[16,17].  Within this broad 
definition, there may still be some debate among experts about which patients constitute 
emergency cases[18].  Nonetheless, compared with patients undergoing elective surgeries, 
patients who undergo emergency general surgery operations are more likely to suffer 
complications and death[19,20]. 
      The creation of emergency general surgery as a focused practice within the realm 
of acute care surgery has led to an increased demand for research in this area[21].  The 
ability to predict surgical outcomes for many elective general surgical procedures has 
improved with the help of the database created by the National Surgical Quality 
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Improvement Program[22].  Similar approaches would be useful to identify those 
preoperative risk predictors that might apply to EGS patients.  Already, a group of 
researchers at a large Canadian teaching hospital have shown that the Charlson Age-
Comorbidity Index (CACI) is a valid tool which can be used to predict 30-day mortality 
in EGS patients[23].  Further exploring predictor variables of preoperative risk (such as the 
optimal timing of surgery) in this patient population may allow acute care surgeons to 
mitigate those risks. 
 In the case of acute cholecystitis (acute inflammation of the gall bladder), Drs. 
Hartwig & Buchler conducted a review of studies evaluating the timing of surgery on 
post-operative outcomes[24].  They noted that given the numerous studies that have been 
conducted thus far, the controversy regarding the optimal timing of cholecystectomy in 
acute cholecystitis has remained[24].  This was, in part, because there was no 
standardization as to what constituted an early cholecystectomy[24].  More current studies 
have shown that early laparoscopic cholecystectomy (within 24 hours of admission) can 
be safe and effective in patients suffering the acute inflammatory response of acute 
cholecystitis, and these studies have failed to support the need for a conservative 
pretreatment approach with antibiotics[25–27].  Meta-analyses have shown no difference 
between early versus delayed cholecystectomy when it comes to bile duct injury, 
operating room times, or rates of conversion to open procedure; however, the overall 
length of stay in the hospital is shortened by the earlier approach[28–32].  In 2013, a large, 
randomized, multi-center study found that immediate cholecystectomy within 24 hours of 
admission was preferred over a delayed approach, resulting in lower rates of morbidity, 
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hospital length of stay, and total hospital costs[24,33].  And this led Drs. Hartwig and 
Buchler to conclude that performing acute cholecystectomy procedures within 24 hours 
of hospital admission was their recommended approach for the treatment of patient with 
acute cholecystitis who were candidates for surgery[24]. 
 In the case of acute appendicitis (acute inflammation of the appendix), there have 
also been numerous studies evaluating the optimal timing of surgery.  Some studies have 
shown that delaying surgery in patients with acute appendicitis does not lead to negative 
outcomes[34–36].  Indeed, one study even showed that most pediatric surgeons did not 
believe that non-perforated appendicitis was a surgical emergency and that overnight 
appendectomy in these scenarios could be postponed[18].  Smaller retrospective studies in 
pediatric and adult patients have indicated that immediate appendectomy may have 
limited support[37–45].  And yet another pediatric study looking at outcomes in acute 
appendicitis found that there was no statistically significant difference in hospital length 
of stay between those taken to the operating room within 6 hours from the time of 
diagnosis as compared to those taken to the operating room after 6 hours from the time of 
diagnosis[45].  Additionally, other retrospective studies have shown that increased time 
from onset of symptoms to arrival in the operating room is correlated with more 
advanced disease[36,45,46].  Furthermore, a prospective, randomized trial of 131 pediatric 
patients with acute appendicitis favored early appendectomy over later surgery[47].  One 
additional recent retrospective study showed that in the case of patients undergoing 
appendectomies for uncomplicated acute appendicitis, the optimal time to the operating 
room was within 18 hours of presentation to the emergency room[48].  It should be noted 
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that although the metrics for these studies differed in the initial presentation times being 
used (i.e. time of diagnosis versus symptom onset versus time of presentation to the 
emergency room), they all appeared to favored earlier intervals to surgery.   
 It is noteworthy to point out that in many of these studies, the surgical condition 
and its severity level plays a significant role in determining the effects of delayed 
surgery.  Wakayama et al., studied patients with gastroduodenal perforations and found a 
doubling of mortality after a delay of greater than 12 hours, with an eight-fold increase in 
mortality after a delay of more than 24 hours[49].  And Ong et al., noted that in patients 
over 60 years old undergoing emergency abdominal surgeries, delays in surgery of more 
than 24 hours was associated with a higher rate of post-operative complications[50].   
 The aim of this study is to characterize the effect of the interval in time to the 
operating room on post-surgical outcomes in adult patients with either acute appendicitis 
or acute cholecystitis who are admitted to the acute care surgical service at our 
institution.  Furthermore, the interest is focused on what effect there is between longer 
intervals in time to the operating room on specific post-operative outcomes, such as 
hospital length of stay, post-operative complications, and in-hospital mortality.  And also, 
this study may be able to further corroborate whether the effect of the delay in time to the 
operating room on post-surgical outcomes can be seen in as few as 6 hours from the time 
of admission to the surgical service.    
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METHODS 
 
 This study was approved by the Institutional Review Board (IRB) at Boston 
Medical Center, Boston, MA.  An existing EGS registry was initiated at Boston 
University Medical Center on May 22nd, 2014, and has continued presently.  Subjects 
admitted from May 22nd, 2014 thru May 31st, 2015, were included in this study.  
Subjects with the targeted EGS conditions were identified via listed diagnoses on 
admission, as recorded in the registry.  The subjects selection flowchart (listed below) 
describes how the study sample was formed.  
 
Study Sample Selection Flowchart 
Original study sample in the Emergency General Surgery registry 
n = 538 subjects 
 
Study sample after initial screening process* 
n = 323 subjects 
 
2 subjects with outlier data removed** 
n = 321 
 
321 subjects used in the final data analysis 
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*Screening process for each observation: 
Inclusion:  
• Subjects older than 18 years of age 
• Subjects included in the EGS registry 
• Subjects with complete data for all listed variables 
• Subjects with a listed admitting diagnosis of acute cholecystitis or acute appendicitis 
• Subjects with clinical signs and symptoms (such as characteristic pain, elevated white 
blood cell count, and fever) and radiographic findings (from MRI, CT scan, or 
ultrasound) of the two above listed EGS diagnoses 
Exclusions:   
• Duplicate subjects 
• Subjects without any admitting diagnosis or operative procedure data listed 
• Subjects without enough information to determine whether the above inclusion 
      criteria for admitting diagnosis have been met 
• Subjects without radiographic or clinical signs to allow confirmation of the two listed 
admitting diagnoses (i.e. symptomatic cholelithiasis) 
• Subjects with either of the two above mentioned admitting diagnoses who also had 
other concomitant diagnoses (i.e., choledocholithiasis) 
** Two subjects (one with an outlier value for time to the operating room and another 
with an outlier value for hospital length of stay) were excluded from the final data 
analysis because they skewed the data even further towards the extreme. 
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 This study was limited to the EGS conditions of acute cholecystitis and acute 
appendicitis.  The predictor variables used on each subject included:  admitting diagnosis, 
age, sex, race, insurance status, Charlson-Comorbidity Index (CCI) score, and the time 
from admission to the surgical service until arrival in the operating room (in days).  The 
primary outcome variable used was the hospital length of stay (in days) with secondary 
outcome variables of in-hospital mortality, and post-operative complications.  For 
patients admitted as observation stays and later changed to inpatients, or vice versa, it 
was necessary to manually search through the electronic health record for the most 
accurate dates and times of admission. 
 Information on post-operative complications was gathered from the discharge 
summaries and included the following subcategories:  wound (skin and skin structure 
infections), central nervous system (cerebrovascular accident), urinary tract (acute renal 
failure, urinary tract infection), cardiac (myocardial infarction, cardiac arrest), respiratory 
(pneumonia, unplanned intubation, pulmonary embolism), hematologic (deep vein 
thrombosis, bleeding requiring transfusion), and septic (sepsis, septic shock)[19]. 
 Major comorbidities will be based on the CCI score[51].  The Charlson 
Comorbidity Index score predicts the 10-year mortality for patients with comorbid 
conditions.  Each condition is assigned a weighted score as follows: 
• 1 each: Myocardial infarct, congestive heart failure, peripheral vascular disease, 
dementia, cerebrovascular disease, chronic lung disease, connective tissue disease, 
ulcer, chronic liver disease, diabetes.
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• 2 each: Hemiplegia, moderate or severe kidney disease, diabetes with end organ 
damage, tumor, leukemia, lymphoma.
 
• 3 each: Moderate or severe liver disease.
 
• 6 each: Malignant tumor, metastasis, AIDS. 
 
Each comorbid condition included in the score was gleaned from the medical history and 
discharge summary information available for each patient from the electronic health 
record.  The hospital length of stay was based upon the difference in the number of days 
between the date of admission to the surgical service and the date of discharge.  The time 
to the operating room was based upon the difference in the number of days between the 
time of admission to the surgical service and the time of arrival in the operating room.  
Operative reports were used to verify the operations performed.  Discharge summaries 
were used to provide information on post-operative complications and in-hospital 
mortality.   
 The student’s t test was used to examine mean differences in continuous variables 
between categorized groups (i.e. subjects with time to the operating room greater than 6 
hours versus those less than 6 hours, and subjects who were older than age 65 years 
versus those who were younger).  The student’s t test was also used to compare 
categorical variables such as sex.  Correlation coefficients and linear regression models 
were used to analyze the association between the primary continuous variables of interest 
(time to the operating room and hospital length of stay).  Simple and multiple linear 
regression models allowed for the relationship between the primary continuous variables 
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of interest to be analyzed while controlling for such covariates as age, sex, race, 
insurance type, CCI score, and admitting diagnosis.  Covariates, such as the CCI score, 
were chosen in part because they were readily available for every patient and also 
because this scoring system had been used and validated in other studies targeting 
patients with EGS conditions[23].  Patients who either expired while in the hospital or who 
were transferred to another facility would have required censoring of their hospital length 
of stay; however, this was not necessary as no such cases occurred in this study sample.  
The data was also categorized by admitting diagnosis and by age-dichotomized groups so 
that differences in the relationship between time to the operating room and hospital 
length of stay could be discerned.  An interaction term was used to test for effect 
modification on the relationship between time to the operating room and length of stay by 
admitting diagnosis and age (dichotomized at age greater than or equal to 65 years).  A 
two-tailed p value of less than 0.05 was taken to be statistically significant in this study.  
All analyses were performed using the RStudio statistical program, version 0.99.484 – © 
2009–2015, by RStudio Inc.   
 
RESULTS 
 
 Looking at the baseline characteristics presented in Table 1, there were a total of 
321 subjects in this study sample.  The subjects in this study sample had median and 
mean ages of 37 and 39 years, respectively; and also, the age range of the study subjects 
was from 18 to 88 years.   
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Table 1.  Baseline Characteristics of Study Sample 
 
Variable      Participants 
       (n = 321) 
 
Age (mean), yr      39.7 
 
Sex 
  Male       (167) 52% 
  Female      (154) 48% 
 
Race (or Ethnicity) 
  American Indian     (3) 1% 
  Asian       (14) 4% 
  Black       (90) 28% 
  Latino       (100) 31% 
  Middle Eastern     (1) 0% 
  Unknown      (35) 11% 
  White       (78) 24% 
 
Insurance Type 
  Charity      (51) 16% 
  Commercial/Private     (82) 26% 
  Government-Assisted Healthcare   (4) 1% 
  Medicaid      (158) 49% 
  Medicare      (21) 7% 
  Self-Pay/Uninsured     (5) 2% 
 
Admitting Diagnosis 
  Acute Cholecystitis     (113) 35% 
  Acute Appendicitis     (208) 65%  
 
CCI Score* 
  0       (242) 75.4% 
  1       (49) 15.3% 
  2       (10) 3.1% 
  3       (9) 2.8% 
  4       (3) 0.9%     
  6       (6) 1.9% 
  8       (1) 0.3% 
  9       (1) 0.3% 
 
 
*There were no subjects with CCI scores of 5, 7, or any scores greater than 9, and so these CCI 
scores were not included in the table. 
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 Figure 1 shows the frequency distributions of the ages, CCI scores, times to the 
operating room, and hospital length of stays for this study sample.   
 
Figure 1. Histograms of the frequency distributions of the range of ages, CCI scores, 
times to the operating room, and lengths of stay for the study sample. 
 
Additionally, there were slightly more male subjects than female subjects, with 
52% of the study sample being male.  In the category of race, the majority of the subjects 
were either Black, Latino, or White, with these three groups making up more than 80% of 
the study sample.  The sex and racial make-up seen in this study sample was very similar 
to the patient population seen by the acute care surgical team at Boston Medical 
Center[52].  Also, about half of the subjects in this study sample had Medicaid listed as 
their type of health insurance coverage.  About two thirds of the admitting diagnoses 
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included acute appendicitis, while the other one third had an admitting diagnosis of acute 
cholecystitis.  The vast majority of the subjects in this study sample had zero comorbid 
conditions based on the Charlson Comorbidity Index scoring system.  And as CCI scores 
increased, there was a general trend toward increasing times to the operating room, and 
increasing hospital length of stays as shown in Figure 2. 
 
Figure 2. Simple box plots illustrating the trend of increasing times to the operating 
room, and increasing lengths of stay, for subjects with increasing CCI scores. 
 
For this study sample, the mean and median times to the operating room were 
0.76 and 0.42 days, respectively (SD = 0.90 days).  The mean and median hospital length 
of stays were 2.03 and 1.38 days, respectively (SD = 2.03 days).  When looking at the 
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relationship between time to the operating room and length of stay, a positive correlation 
was found (r = 0.68).  This relationship is plotted in Figure 3 for visual reference.   
 
Figure 3.  This figure shows a plot of the length of stay by time to the operating 
room for the entire study sample.   A line demonstrating the fitted simple linear 
regression model has been included for illustrative purposes.  
 
A simple linear regression model looking at this relationship showed that for 
every 1 day interval in the time to the operating room, there was a corresponding 1.5 day 
increase in the hospital length of stay (95% CI: 1.35–1.72).  This finding was statistically 
significant with a p value of 2e-16.  When a multiple linear regression model was 
computed, controlling for age, sex, race, insurance type, CCI score, and admitting 
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diagnosis, the regression model coefficient was 1.30 (95% CI: 1.02–1.52).  This indicated 
that for every 1-day interval in the time to the operating room, there was a corresponding 
increase in the overall length of stay by 1.3 days.  (This computed to an additional 
increase in the overall length of stay by about 31 hours).  This finding was also 
statistically significant with a p value of 2e-16. 
 This study sample had no mortalities, so the in-hospital mortality outcome 
variable could not be further explored.  Only 10 of the study subjects (3.1%) had any 
post-operative complications, as defined in this study protocol.  The most common 
category of post-operative complications was the respiratory category, with five out of 
the ten subjects who had post-operative complications falling under this category.  
Among this small subset of subjects suffering post-operative complications, the mean and 
median CCI scores were 2.2 and 1.0, respectively; the mean and median times to the 
operating room were 1.5 days and 1.8 days, respectively; and the mean and median 
length of stays were 7.7 days and 5.2 days, respectively.  Additionally, among this small 
subset of subjects, 80% had an admitting diagnosis of acute cholecystitis compared with 
only 20% who had an admitting diagnosis of acute appendicitis.   
 When the study sample was dichotomized by admitting diagnosis, those subjects 
with a diagnosis of acute cholecystitis were older, had a longer mean time to the 
operating room (1.5 days versus 0.4 days) and had longer mean length of stays (3.3 days 
versus 1.4 days) than subjects with a diagnosis of acute appendicitis.  This is illustrated in 
Figure 4 below.   
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Figure 4.  Illustrations of the data looking at hospital length of stay by time to the 
operating room, separating those with an admitting diagnosis of acute appendicitis 
in blue from those with a diagnosis of acute cholecystitis in green. 
 
 When a simple linear model containing an interaction term was used to compare 
whether the relationship between time to the operating room and hospital length of stay 
was the same for each admitting diagnosis, a statistically significant difference was 
found.  The simple linear model coefficient was 0.574 (95% CI: 0.005—1.145, p-value 
0.048), indicating that for every 1 day interval in time to the operating room, there was an 
additional prolongation of hospital length of stay by about 13 hours for a subject with 
acute appendicitis as compared to a subject with acute cholecystitis.  When the same 
comparison was made using a multiple linear regression model, controlling for age, sex, 
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race, insurance type, CCI score and admitting diagnosis, the statistical significance in this 
difference was lost.  The multiple linear regression model coefficient was 0.404 (95% CI: 
-0.174 to 0.983, p-value 0.17), indicating that an increase of about 9 hours in hospital 
length of stay was seen for every 1 day interval in time to the operating room in subjects 
with acute appendicitis as compared to those with acute cholecystitis—a difference which 
was not statistically significant.  By isolating each of the covariates in separate multiple 
linear regression models, it was found that the loss of statistical significance was mostly 
accounted for by CCI score, insurance type, and age.    
 The data was also dichotomized into subsets of subjects who were older than 65 
years and those who were younger than 65 years.  Among the 296 subjects who were 
younger than 65 years, 53% were male, virtually 0% had Medicare insurance type, and 
68% of the sample had an admitting diagnosis of acute appendicitis.  They also had a 
mean and median CCI score of 0.4 and zero; a mean and median time to the operating 
room of 0.65 and 0.39 days, and a mean and median length of stay of 1.81 and 1.29 days.  
Oddly, 90% of the subjects suffering post-operative complications were less than 65 
years of age.  Among the 25 subjects who were aged 65 years or older, 47% were male, 
60% had Medicare insurance type, and 32% had an admitting diagnosis of acute 
appendicitis.  Additionally, they had a mean and median CCI score of 1.7 and 1.0; a mean 
and median time to the operating room of 2.08 and 1.28 days, and a mean and median 
length of stay of 4.69 and 3.41 days.  In this older group, only one subject had suffered a 
post-operative complication.  When looking strictly at absolute values, older subjects had 
a prolongation of their mean hospital length of stay by 2.88 days (95% CI: 2.11—3.65, p-
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value 1.93e-12) when compared with their younger counterparts.  When a simple linear 
model containing an interaction term was used to compare whether the relationship 
between time to the operating room and hospital length of stay was the same for each 
subset of subjects dichotomized by age, no statistically significant difference was found.  
The simple linear model coefficient was -0.077 (95% CI: -0.497 to 0.343, p-value 0.719), 
indicating that for every 1 day interval in time to the operating room, there was a 
decrease in hospital length of stay by about 1.8 hours when comparing subjects younger 
than 65 years with those who were older.  And again, this finding was not statistically 
significant even when using multiple linear regression modeling.    
 The data was also dichotomized into subsets of subjects who had a time to the 
operating room of less than 6 hours (0.25 days) and those greater than 6 hours.  The 
absolute difference in mean and median length of stays when comparing those subjects 
who went to the operating room after 6 hours from the time of admission to those who 
went to the operating room prior to this was 1.32 and 0.85 days, respectively. Once 
covariates (such as age, sex, race, insurance type, CCI score, and admitting diagnosis) 
were controlled for, this prolongation was reduced to 0.53 days (about 12.6 hours).  And 
this difference was found to be statistically significant—please refer to Table 2.   
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Table 2. Descriptive statistical measures of the study sample dichotomized by time to the 
operating room.  
 
Descriptive Statistic  TimeOR < 6 hours  TimeOR > 6 hours p value 
    n = 74    n = 247 
Age (Mean), yr   33    42   6.95e-6 
 
Sex 
  Male    74%    45%   2.19e-5  
 
Admitting Diagnosis  
  Acute Appendicitis  97%    55%              6.4e-11 
  
Mean time to OR, in  
days (SD)   0.14 (0.07)   0.95 (0.94)  2.2e-16 
 
Mean length of stay, 
in days (SD)   1.01 (0.64)   2.34 (2.20)  2.4e-15 
 
Post-operative 
Complications    0    10   0.876 
 
Simple linear regression  
model coefficient*  1 (referent)   1.32 (0.81—1.84) 5.8e-7 
 
Multiple linear regression 
model #1 coefficient**   1 (referent)    0.60 (0.09—1.10)  0.0213 
 
Multiple linear regression 
model #2 coefficient*** 1 (referent)   0.53 (0.04—1.02) 0.0356 
 
 
*Univariate linear regression model coefficient corresponds to hospital length of stay (in days) 
**Multiple linear regression model #1 controlling for admitting diagnosis alone 
***Multiple linear regression model #2 controlling for age, sex, race, insurance type, CCI score, 
and admitting diagnosis.   
 
 It is noteworthy to highlight that the great majority (97%) of those subjects who 
went to the operating room in less than 6 hours had an admitting diagnosis of acute 
appendicitis.  The admitting diagnosis was found to be the most important confounding 
factor in the positive association between the subsets as dichotomized by time to the 
operating room.  This was evidenced when the multiple linear regression model 
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coefficient value was reduced considerably from the simple linear regression value just 
by controlling for the variable of the admitting diagnosis by itself.  All 10 of the post-
operative complications that were seen in this study occurred in the subset of patients 
who went to the operating room after 6 hours from the time of admission.  Figure 5 
shows the box plots and scatterplots of the study sample as dichotomized by a time to the 
operating room of 6 hours.  This figure illustrates the finding of shorter hospital length of 
stays for those subjects who went to the operating room within 6 hours from the time of 
admission. 
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Figure 5.  Box plots and color-oriented scatterplots of the study sample as 
dichotomized by time to the operating room.  The red dots represent those subjects 
who went to the operating room within 6 hours of hospital admission and the black 
dots represent those subjects who went after this time frame. 
 
 
  
 22 
DISCUSSION 
 
 Overall, the EGS subjects included in this study had very low rates of post-
operative complications and no in-hospital mortalities.  The subjects also had low CCI 
scores and represented a younger-middle-aged patient population. These findings suggest 
that the subjects in this study represented a lower risk population of patients with 
emergency general surgery conditions as compared to those patients that have been 
described in other studies[50].  Furthermore, this study supported the idea that subjects 
with higher levels of comorbidities had predictable increases in their overall time to the 
operating room and hospital length of stay.  Subjects with an admitting diagnosis of acute 
cholecystitis had longer times to the operating room and had longer hospital length of 
stays when compared with those with an admitting diagnosis of acute appendicitis.  There 
was a positive correlation found in the main association examined between time to the 
operating room and hospital length of stay.  Even after controlling for age, sex, race, 
insurance type, CCI score, and admitting diagnosis, this positive association remained 
statistically significant.  For every 24 hour interval in the time to the operating room, the 
overall hospital length of stay increased by 1.3 days (computing to an additional 31 hours 
in the overall length of stay).  And this potentially could impact patients and healthcare 
insurers because the additional time used in the hospital requires additional utilization of 
resources and increases the time in which patients may be at risk for developing hospital-
acquired infections.  Although it should be noted that the variable of hospital length of 
stay was skewed and that time to event analyses would have been more appropriate to use 
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and could have yielded slightly different results.   
 The study sample was also dichotomized by age 65 years in order to further study 
any differences in the relationship between the time to the operating room and hospital 
length of stay in an older group of subjects.  When the study sample was dichotomized by 
age, those subjects who were older than age 65 years had predictably higher CCI scores, 
longer times to the operating room, and longer hospital length of stays.  However, the 
relationship between time to the operating room and hospital length of stay was not 
significantly affected by age, when the study sample was dichotomized by age 65.  When 
the data was dichotomized by time to the operating room, those subjects who went to the 
operating room within 6 hours had associated shorter hospital length of stays, and also 
fewer post-operative complications.  This finding was statistically significant, even when 
controlling for covariates and potential confounders.  However, the admitting diagnosis 
was found to be a predominant confounding factor in this association. 
 This study is supports the finding that intervals in time to the operating room 
greater than 6 hours from the time of admission are associated with longer hospital length 
of stays in adult patients with either acute appendicitis or acute cholecystitis who are 
admitted to the acute care surgical service at our institution.  Furthermore, it was found 
that intervals in time to the operating room by as little as 6 hours resulted in a greater 
degree of post-operative complications.  This study adds favor to the findings in other 
studies that early versus delayed cholecystectomy and appendectomy lead to better 
outcomes in terms of hospital length of stay and post-operative complications in adult 
patients with EGS conditions.  Interestingly, this study suggested that subjects who 
 24 
underwent appendectomies (as compared with those undergoing cholecystectomies) had 
a longer prolongation of their hospital length of stay per unit of time to the operating 
room; however, this difference (~ 13 hours) may not have been as clinically meaningful, 
considering that subjects with acute appendicitis had, on average, shorter times to the 
operating room and shorter hospital length of stays.  Additionally, this finding was not 
found to be statistically significant in the multivariate linear regression model. 
 One of the strengths of this study is that it was adequately powered to detect 
differences in the primary outcome of hospital length of stay by as few as 12 hours (0.5 
days).  So, for subjects who were compared by dichotomized times to the operating room 
of greater than or less than 6 hours, our study was about 87% powered to detect this 
difference—indicating that our sample had an adequate number of subjects to evaluate 
the primary outcome variable of interest.  Also, the retrospective aspect of this study 
allowed for a relatively quick and inexpensive analysis of the predictor and outcome 
variables of interest with minimal risk to the patient population sampled—and these 
variables were readily available and complete for every subject included in this data set.   
 It must be noted that this study design selected patients with less acute emergency 
general surgical conditions, inadvertently reducing the external validity of the study.  
This is because patients with acute appendicitis or acute cholecystitis who were so ill that 
they had to be treated non-operatively (such as via percutaneous drainage) were excluded 
from this study.  Additionally, patients with acute cholecystitis suffering obstruction of 
the common bile duct may have required additional intervention by a gastroenterologist, 
and thus, were excluded from this study.  It is possible that these patients may have been 
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more likely to suffer increased morbidity and mortality when compared with patients 
presenting with acute cholecystitis alone.  One of the reasons for this idea comes from the 
knowledge that patients with choledocholithiasis (obstruction of the common bile duct by 
gallstones) can suffer serious complications such as cholangitis (infection of the biliary 
tree) and gallstone pancreatitis[53].  And these are two major complications which require 
prompt recognition and intervention in order to prevent serious morbidity and 
mortality[54].  Excluding these patients made this study less generalizable to the greater 
EGS patient population.  And also, if these additional patients had been included in our 
study sample the findings of a positive correlation between time to the operating room 
and overall hospital length of stay could have possibly been more magnified.   
 It is worth mentioning that this study only paid attention to in-hospital mortality 
and those immediate post-operative complications that occurred during the initial stay.  
This study did not account for any persons who may have suffered a related post-
operative morbidity or mortality after being discharged.  This study also did not pay any 
particular attention to events that occurred in the pre-operative and intra-operative setting 
which may very well have contributed to the outcome variables evaluated in this study.  
For patients undergoing major non-cardiac surgery, it is already well known that both 
pre-operative and intra-operative factors are associated with peri-operative cardiac 
complications[55].  Additionally, the type of operation involved (laparoscopic versus 
open) presented yet another unmeasured factor which could have affected the outcomes 
in this study[56,57].   
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 Another weakness of this study is that it relied upon the Charlson Comorbidity 
Index (CCI) scoring system in order to capture comorbid conditions that may have played 
a role in the outcomes.  Developed in 1984, the original form of this scoring system has 
many strengths[51].  The index helps simplify many serious comorbidities, which, for 
research purposes, have been shown to portend to less favorable outcomes.  But there are 
many other comorbid conditions that might be significant to this patient population that 
are not included in the CCI, such as: morbid obesity, inflammatory bowel disease, 
anemia, cardiac arrhythmias, etc.  This highlights that although the CCI scoring system is 
useful in its current form, it is not comprehensive.  Additionally, certain comorbidities 
given higher scores, such as AIDS and malignant tumors (which were once 
unmanageable conditions) are now much more treatable.  The original CCI scoring 
system may very well be outdated, but there have been revisions to this scoring system 
which have helped update its utility in the modern research setting[58].  In this study, the 
CCI score was not a statistically significant factor in predicting the association between 
the time to the operating room and the hospital length of stay, when the admitting 
diagnosis and the time to the operating room were controlled for.   
 Another significant weakness of this study lies in the fact that the patients in the 
registry had differing admission dates and times depending on whether or not they were 
admitted to the surgical service as inpatient stays versus observation stays.  The date and 
time of admission for each subject was determined based on the date and time an order 
for the admission was placed—a variable that was subject to administrative inaccuracies.  
For patients admitted as observation stays and later changed to inpatients, or vice versa, 
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the admission orders were placed at differing times creating an artificial, but significant, 
potential confounder in the data set.  This is because inaccurately recorded dates and 
times of admission would affect both the main predictor and outcome variables used in 
this study.  The difference between observation stays and inpatient stays is not important 
from a clinical standpoint, but is present primarily for payor purposes.  Generally 
speaking, patients admitted as inpatient stays are anticipated to have conditions that 
require hospitalization for greater than two midnights, while observation stays are 
anticipated to require hospitalization for less than this time frame.  Patients admitted 
strictly as either inpatients or observations stays had more accurate information about 
their dates and times of admission when compared to those patients whose admission 
order types were changed during the course of their stay.  This likely occurred because 
changes to the computer order entry for admission types are not always placed into the 
computer system at the actual date and time of admission.  Instead, sometimes these 
orders are placed after the admission, when a case manager or utilization review manager 
has determined (retrospectively) whether a patient meets inpatient criteria for their 
admission.  Still, it may have been possible to tease out this subset of patients and 
account for any differences in an ad hoc analysis of inpatient versus observation patients.  
But this potentially confounding variable was not accounted for in the study protocol and 
was not included in the final data set used for analysis.  
 Another weakness of this study is that it does not adequately capture all of the 
potential post-operative morbidities that might have occurred following surgery for these 
EGS conditions.  This study protocol only highlights a few categories of severe comorbid 
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conditions based on those used in a previous landmark study in patients targeted for EGS 
conditions[19].  Other postoperative events, such as gastrointestinal complications (i.e. 
bowel obstruction or perforation, post-operative ileus, and infectious diarrhea) were not 
included in this study protocol.  Previous studies looking at patients with more severe 
EGS conditions included the gastrointestinal category of post-operative 
complications[59,60].  These post-operative complications were not included in this study 
protocol primarily because the protocol tracked only those severe postoperative 
conditions recorded in the previous landmark study mentioned above[19].  However, other 
complications (such as bleeding and pneumonia) which have been shown to be important 
in the EGS patient population based on their overall impact on mortality and end-organ 
dysfunction, were captured in this study[19,61].   
 Also, because each of the post-operative complications was recorded in the form 
of a nominal categorical variable, it was difficult to really assess the grade of severity of 
each of the post-operative events that were being captured.   All of the 10 subjects 
suffering post-operative complications were in the subset of subjects who went to the 
operating room after 6 hours from the time of admission.  But because there were so few 
post-operative complications in this study sample, there was a significant lack of power 
(only 62% when estimated) in examining this outcome variable.  It still remains a 
significant possibility that this finding could have been due to chance.  And so, a much 
larger study sample (greater than 500 subjects) would have been required in order to have 
enough power to detect meaningful differences in this particular post-operative outcome.  
 In conclusion, the results of this study supported the fact that the time to the 
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operating room is a predictor of overall hospital length of stay in patients with the two 
EGS conditions that were studied.  It was found that those subjects who went to the 
operating room after 6 hours from the time of admission to the surgical service had an 
increased hospital length of stay by about 12 hours as compared to those subjects who 
went to the operating room prior to this.  Unfortunately, because of the methodology of 
the study protocol and because of unmeasured variables that could have potentially been 
significant confounders, the validity of this study remains in question.  Furthermore, 
potentially useful outcome variables (such as post-operative gastrointestinal 
complications) also went unmeasured—this was a shortcoming of the original study 
protocol.  And due to a lack of enough subjects, there was not enough power to fully 
evaluate the secondary outcome variable of post-operative complications.  
 One next step would be to conduct another retrospective cohort study, in the same 
fashion as this one, but using the time from admission to the emergency room as the 
initial starting point.  This would help reduce any administrative inaccuracies in the initial 
starting point being used.  Also, in order to have adequate power to further evaluate the 
secondary outcome variable of post-operative complications, more patients could be 
included by expanding the time frame of the study period, and by including other 
academic health centers.  It would also be useful to consider conducting a prospective 
observational study evaluating the same predictor and outcome variables but including 
patients with a diversity of EGS conditions.  A larger prospective study such as this 
would also have the ability to evaluate the disease severity at presentation of each EGS 
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condition using the newly created grading scale for emergency general surgery 
conditions[62,63].  
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